INTRODUCTION AND RESULTS
Oriented graphs are directed graphs without opposite arcs. The oriented chromatic number o(H) of an oriented graph H is defined to be the minimum order of an oriented graph H$ such that H has a homomorphism to H$. In other words, o(H) is the minimum positive integer m such that there doi:10.1006Âjctb. 2000.1984 , available online at http:ÂÂwww.idealibrary.com on exists a proper (in usual sense) colouring f of V(H) with m colours with the additional property that \v, w, u, z # V(H)
Several properties of oriented chromatic numbers differ from those of the (ordinary) chromatic number (see, e.g., [1, 3, 5] ). In this note, we observe one more distinction. Deleting a vertex or an edge from a graph decreases its chromatic number by at most one. For the oriented chromatic number, this is not true. 
(ii) For every oriented graph H and
Studying colour-critical (w.r.t. usual chromatic number) graphs helped to understand some properties of the chromatic number. In view of (2), we call an oriented graph H deeply critical if, for every
The oriented 5-cycle C 9 5 is an example of a deeply critical graph: o(C 9 5 )=5 and for every arc e in C 9 5 , o(C 9 5 &e)=3. The main result of this note is that there are infinitely many deeply critical graphs.
Theorem 2. For every positive integer k, there exists a deeply critical graph
PROOFS
Proof of Observation 1. In order to prove (i), fix an oriented colouring f of H&v with at most k colours, say, 1, ..., k. Define the colouring f $ of H as follows:
Observe that This implies that f $ is an oriented colouring. In order to show that the bound is sharp, consider the following construction described by Sopena in [5] . Let H$ and H" be disjoint oriented graphs and let the graph H be obtained by adding a new vertex v and arcs (w$, v) for every w$ # V(H$) and (v, u") for every u" # V(H"). Then o(H)= o(H$)+o(H")+1. This yields (i), if we take as H$ and H" two isomorphic oriented graphs with oriented chromatic number k.
To prove (ii), consider an oriented colouring f of H&(u, v) with the minimum number (say, k) of colours. Then the colouring f $ defined by
is an oriented colouring of H. This proves (ii).
Proof of Theorem 2. It is enough to prove the theorem for some infinite sequence k 1 , k 2 , .... We deliver the proof in a series of claims.
Let T m be the set of ternary vectors of length m. Let also T $ m be the subset of vectors in T m whose entries are zeros and ones and T " m be the subset of vectors in T m whose entries are zeros and twos. Clearly for every t" # T " m there exists exactly one t$ # T$ m such that t"=t$+t$.
The following two claims are evident.
Claim 2. For every t" # T" m , there is only one way to represent t" as a sum of two vectors in T$ m (namely, t"=t$+t$, where t$=t"Â2). 
To 
First we prove that V 0 _ V &0 is an independent set in D m &0. If some vertices v, u # V 0 _ V &0 are adjacent, then u, v, and 0 form a triangle in D m which by Remark 1 is transitively oriented. Therefore by (5), T$ m contains three non-zero vectors t 1 , t 2 , and t 3 such that (a) t 1 +t 2 =t 3 and (b) at least two of t 1 , t 2 , and t 3 belong to T 0 m . But for (a) to hold, we need that the ones in t 1 and t 2 be in disjoint coordinates and that the number of ones in t 3 be the sum of the numbers of ones in t 1 and t 2 . The former condition violates the possibility that both t 1 and t 2 are in T 
COMMENTS
The proof of Theorem 2 shows that for infinitely many integers q, there are deeply critical graphs with oriented chromatic number q such that deleting any vertex decreases the oriented chromatic number by at least q log 3 2 Â-log q=q 0.6309 } } } Â-log q. The statement (i) of Observation 1 shows that sometimes we make the oriented chromatic number twice less by deleting a vertex. It would be interesting to find out if there are infinitely many (not necessarily deeply critical) graphs in which deleting any vertex decreases the oriented chromatic number by at least one percent.
Although we present deeply critical graphs only with a very specific number of vertices (namely, with the number of the form 2 } 3 m &1), experimenting on a computer indicates that deeply critical graphs on q vertices with oriented chromatic number q might exist for all odd q>31.
